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ABSTRACT  
   
A biodegradable scaffold in tissue engineering serves as a temporary 
skeleton to accommodate and stimulate new tissue growth. Alginate (Alg) 
and chitosan (Chi) are both popular materials applied as biomaterials or 
bioimplants. However, Alg derived from brown algae is highly compliant 
and easily decomposed in fluid, whilst Chi derived from shrimp shells has 
weak strength. In rectify these problems, the development of Chi and Alg 
based biodegradable scaffolds incorporated with silver nanoparticles 
(AgNPs) with enhanced mechanical properties and biosafe function is 
proposed. Different ratios of chitosan/alginate (Chi/Alg) were prepared 
and the effect of different ratio (1:1, 1:2 and 2:1) to the mechanical with and 
without AgNPs were investigated. Meanwhile, swelling/degradation test 
and dynamic mechanical analysis (DMA) were conducted to study the 
properties of Chi/Alg based scaffold. Swelling/degradation test and DMA 
show that Chi/Alg and chitosan/alginate/silver (Chi/Alg/AgNPs) 
nanoparticles has adequate swelling and compressive modulus that exceed 
the epidermis’ Young modulus, thus able to provide mechanical support 
upon application. As a result, the incorporation of chitosan in the Alg and 
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AgNPs improved physical and mechanical properties of hydrogel itself and 
provide biosafe environment during the study. 
 
Keywords:  bio-composite, silver nanoparticles, alginate, chitosan, hydrogel, 
mechanical properties 
 
7.1  INTRODUCTION 
 
Every year, many individuals are suffering from tissue impairment and 
organ malfunction due to accident and illness [1]. These impaired tissues 
and aged cells are restored by the self-healing ability of human body. 
However, the restore capacity of the mature tissues is frequently inadequate 
if the injury caused severe damage [2]. Hence, synthetic devices, donor 
organs as well as autologous transplants are utilized to substitute unfixable 
harmed tissues and organs. Moreover, these procedures failed to substitute 
the organ failure completely. Thus, the development of alternative strategies 
is highly demanded for transplantation of organs and tissue exceeding the 
supply [3]. These approaches do not allow the patients to completely 
recover from their injury and may have several limitations to conduct their 
habitual activity. These methods also may cause the state of being infected 
and refusal act of the body to the foreign device upon transplantation [4]. 
Hence, the issues need to be addressed by new development of artificial 
tissues. Research on designing biomaterials that can supplant harmed or 
injured tissue for short-term and long-term substitution was conducted due 
to the necessity for substituting damaged tissue in human body [5].  
 
Biomaterials is defined as substances or blend of substances, originated 
naturally or synthetically, which can be used for any time, with clinical trials 
considered or as a part of a structure which treats, extends, or replaces any 
tissue [6-7]. Hydrogel framework is one of the various kinds of biomaterials 
that has been utilized broadly as part of tissue building applications [5]. Due 
to its versatile characteristics, hydrogels have been applied widely in 
biomedical such as tissue engineering as well as drug delivery. Their high-
water content renders them great with living tissues and proteins and their 
viscoelasticity minimizes damage to the encapsulating tissue. Hydrogels are 
appealing in the field of tissue engineering due to their mechanical 
properties alike to the natural tissues. The biodegradability properties of 
hydrogels permit the hydrogels transplantation into human body, without 
the need of second surgery after the hydrogel is degraded in the body 
because the extracellular matrices by the incorporated cells after a period 
will replace the degraded hydrogel [8-9]. 
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7.2    THE WEAKNESS OF ALGINATE 
 
Alginate and chitosan have been utilized broadly as hydrogel framework 
either individually or by blending with other polymeric materials, for 
example, hyaluronidase enzyme core-5-fluorouracil-loaded 
chitosan/PEG/gelatin polymer nanocomposites [10], chitosan-
nanohydroxyapatite [11], polycaprolactone-alginate (PCL-alginate) [12], and 
hydroxyapatite/chitosan-alginate [13] composite scaffolds for applications 
in tissue engineering. Chitosan has been broadly utilized as a part of the 
composites blended with collagen, coral and hydroxyapatite to grow new 
frameworks for new artificial tissue design. Chitosan was found as an 
attractive natural biopolymer as it resembles glycosaminoglycan (GAGs) 
structure which is the main component of extracellular matrix (ECM) and 
its hydrophilic nature aids in cell adhesion, proliferation and differentiation. 
In addition, chitosan also has aggregated polymeric chains which are 
compact thus provide stability to the scaffold in terms of application to be 
used in tissue engineering [14]. The major disadvantages of using chitosan 
alone as biopolymer are its weak physical strength [15], high swelling 
tendency [16] and the restricted solubility of chitosan [15]. To overcome 
these problems, some chemical modifications of chitosan are essential, 
either on –NH2 groups of glucosamine units or –OH groups of the polymer 
[13, 17]. Incorporation with other materials was conducted to improve its 
properties of Chitosan to mimic the structure of the tissue [18-19]. In 
contrast, despite of being non-immunogenic, biocompatible and gentle 
gelling properties of alginate, alginate will be exposed to high degradability 
when exposed to fluid. The loss of divalent cations from alginate to the 
surrounding medium is uncontrollable, thus it caused hydrogel with 
unpredictable degradability ability, limited stability for long term effect as 
well as limited strength and toughness that mainly depends on alginate’s 
chemical structure (G content effect on stiffness) [20]. However, the mixing 
of chitosan/alginate has not been much investigated [21].  
 
In this research study, the development of chitosan/alginate hydrogel bio-
composite for soft tissue engineering application mainly to improve the 
mechanical properties of the produced hydrogel itself will be conducted. 
This bio-composites with properties that complement each other is 
expected to improve mechanical and biophysical properties of the 
hydrogels. Silver nanoparticle is a non-toxic material and highly effective 
for antimicrobial activities. An addition of silver nanoparticles to the 
chitosan/alginate composites would create a compatible environment for 
the growth of seeded cells. 
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The mechanical characterization experiments were conducted to determine 
the mechanical properties, swelling and degradability of the 
chitosan/alginate/ silver nanoparticles composites in the cell culture media.   
 
7.3      MATERIALS AND METHODS 
 
Sodium alginate (Sigma Aldrich, UK), chitosan (QRec, Asia), calcium 
chloride (Sigma Aldrich, USA), 99.8% acetic acid (QRec, Asia) and sodium 
hydroxide 40.00g/mol (Sigma, USA) silver nitrate (QRec, Asia), sodium 
borohydride (QRec, Asia), polyvinyl pyrrolidone (QRec, Asia), sodium 
chloride (QRec, Asia) were chemical grade and used without further 
purification. 
 
7.3.1    Synthesis of Silver Nanoparticles 
 
The synthesis of silver nanoparticles in this research work is based on 
methodology published in [22] with some modifications. Firstly, different 
concentrations of polyvinyl pyrrolidone (PVP), were dissolved in distilled 
(DI) water to form PVP solutions of 0.3 %, 0.5 % and 0.7 % (v/v). The 
PVP solution was divided into two separate polystyrene tubes, each with 95 
ml PVP (solution A) and 5 ml PVP (solution B), respectively. Then, 0.039 
g of AgNO3 was added and dispersed by constant stirring in solution A on 
magnetic stirrer plate as shown in Figure 1. For the preparation of 
borohydride solution, 0.17 mg NaBH4 (molar ratio NaBH4/AgNO3 = 
0.39) was dissolved in solution B. Molarity and moles of solute was 
calculated by using Equation 1 and 2. Concentration of PVP in Solution A 
and B must be equal. After complete dissolution of AgNO3 in Solution A, 
Solution B was added dropwise to Solution A at a rate of 10 µl/sec. The 
mixture solutions were mixed, stirred at room temperature for 15 minutes. 
Subsequently, the silver nanoparticles were ready for subsequent 
experiment.  
 
          Molarity              =         Moles of solute 
                                               Liters of Solution                                    (1) 
 
          Moles of Solute   =      Mass in Weight (g)                              
                                             Molar mass (g/mol)                                  (2) 
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Figure 1: The synthesis of silver nanoparticles solution 
 
7.3.2 Synthesis of Chitosan/Alginate Hydrogel 
 
In this experiment, 1 g of chitosan powder (Sigma Aldrich, UK) was 
dissolved in 25 ml of 1 % (v/v) acetic acid solution and the chitosan solution 
was stirred thoroughly until homogeneous. The chitosan solution was 
poured into a 15 ml polystyrene tube to be freeze at -40 ºC followed by 
freeze-drying at 90-100 mbar vacuum pressure for 4 days in a freeze dryer 
(Labconco Freezone 18, US). After freeze drying, the sample formed into 
spongy chitosan solids with scaffold structures.  
 
For preparation of alginate scaffolds, 1 g of sodium alginate powder was 
dissolved in 25 ml of boiling deionized water (DI water) to form alginate 
solution. This alginate solution also will be poured into 15 ml polystyrene 
tube, froze in a freezer (Freezer DW253-L40, China) at -40 ºC and freeze-
dried in a freeze dryer (Labconco Freezone 18) at - 50 ºC for 4 days at 90-
100 mbar vacuum pressure.  
 
For the preparation of chitosan/alginate hydrogel scaffold, 1 g of chitosan 
powder was dissolved in 25 ml 1 % (v/v) acetic acid solution and the 
solution was stirred until homogeneous. The concentration in 
volume/volume percentage, % (v/v) was calculated by using Equation 3.  
 
                   % (v/v)   =   Volume of solute    × 100 % 
                                       Volume of solution                                          (3) 
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In another beaker, 25 ml of deionized water (DI water) was heated on hot 
plate until boiling. Subsequently, 1 g of sodium alginate powder was 
dissolved in hot water as prepared previously to form alginate solution as 
shown in Figure 2 (b). Alginate solution was stirred thoroughly and added 
into the chitosan solution (Figure 2 (c)). The entire solution was mixed until 
homogeneous at ~800 rpm by using a magnetic stirrer and allowed to be 
aged at room temperature for 2 hours. A 15 ml polystyrene tube was used 
as a mold for the hydrogel and the tube containing the hydrogel was left 
frozen in a freezer at -40 ºC. Frozen samples were then freeze-dried in a 
freeze-dryer at 90-100 mbar vacuum pressure for 4 days (Figure 2 (d)). This 
composite sample was labelled as chitosan/alginate (1:1) hydrogel scaffold. 
After freeze- dried, dried hydrogel scaffolds in spongy form (Figure 3) were 
cut into cylindrical shape with a diameter of approximately 1 cm.  
 
 
 
Figure 2: Experiment flowchart for the synthesis of 
chitosan/alginate/silver nanoparticles scaffolds 
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Similar preparation procedures of chitosan/alginate scaffold were repeated 
for preparation of chitosan/alginate (1:2) and chitosan/alginate (2:1). 
Freeze-dried samples were then soaked in 1 % (v/v) calcium chloride 
(CaCl2) solution for 10 minutes until hydrogel is fully polymerized to form 
Ca2+ crosslinked hydrogel scaffold as shown in Figure 2 (e). While for the 
preparation of chitosan/alginate/silver nanoparticles, chitosan/alginate 
scaffolds with different ratios was cut to 1-2 cm thickness using a razor 
blade then soaked in 10 ml of silver nanoparticles solution for 24 hours as 
shown in Figure 2 (f). Then, the hydrogels were ready for subsequent 
experiment. The sample designation is as described as in Table 1. 
 
 
 
Figure 3: Dried composite hydrogel scaffold  
 
Table 1: The sample designation of chitosan/alginate/silver nanoparticles 
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7.3.3  Swelling and Degradation Tests 
 
The swelling/degradation studies of chitosan scaffolds, crosslinked alginate 
hydrogel, chitosan/alginate (1:1) hydrogel, chitosan/alginate (1:2) hydrogel, 
chitosan/alginate (2:1) hydrogel, chitosan/alginate/silver nanoparticles 
(1:1) hydrogel, chitosan/alginate/silver nanoparticles (1:2) hydrogel and 
chitosan/alginate/silver nanoparticles (2:1) hydrogel were carried out in 
DMEM added with Fungizone and penicillin at 37 ºC, 5 % CO2 for up to 
two months. Initial weight and final weight of hydrogels after soaked in 
DMEM added with Fungizone and penicillin were measured and the 
physical appearance (presence of debris) of hydrogel were investigated after 
two months period. The weight losses of hydrogels were calculated by using 
the following equation, equation (4): 
 
                       % Weight loss = Wf -Wi     × 100%                          (4) 
                                                       Wi 
where, Wf represents the final weight of the sample after soaked in DMEM 
solution for up to two months at 37 ºC, 5 % CO2 and Wi is the weight of 
the initial weight of the sample before the experiment. 
 
7.3.4  Dynamic Mechanical Analysis 
 
The characteristic of dissipation energy or mechanical damping and 
material’s elastic modulus can be determined using dynamic mechanical 
analysis (DMA). DMA can be used to determine the thermal transition of a 
polymeric system [23]. In this research, DMA Q800 (MiNT-SRC, UTHM) 
was used to determine the compressive properties of chitosan/alginate 
scaffold. All chitosan, crosslinked alginate, chitosan/alginate (1:1), 
chitosan/alginate (1:2), chitosan/alginate (2:1), chitosan/alginate/silver 
nanoparticles (1:1), chitosan/alginate/silver nanoparticles (1:2) and 
chitosan/alginate/silver nanoparticles (2:1) used were in freeze-dried 
scaffolds form. There are three different test modes available, which is 
custom, stress/strain or temperature ramp/controlled force. All chitosan, 
alginate, chitosan/alginate and chitosan/alginate/silver nanoparticles 
scaffolds were measured by measurement board and cut to ~2 cm thick by 
sharp razor blade and then fitted into the compression clamp of DMA 
Q800 as shown in Figure 4. Sharp razor blade was used to avoid un-sharp 
edge cut and thus may affect the compression result. Chitosan/alginate 
scaffold were then conducted compression test by DMA Q800 with 
temperature ramp/controlled force equilibrated at 50 ºC, preload force 0.01 
N and ramp force 3 N/min to 10 N.  
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Figure 4: Chitosan/alginate scaffold upon DMA compression test 
 
7.4  PHYSICAL PROPERTIES OF HYDROGEL SCAFFOLDS  
 
7.4.1    Swelling and Degradation Effect of Chitosan/Alginate 
Scaffolds 
 
Figure 5 illustrates the weight loss of Chitosan (Chi) scaffold and ionic 
crosslinked Ca2+ of Alg, Chi/Alg (1:1), Chi/Alg (1:2), Chi/Alg (2:1), 
Chi/Alg/AgNPs (1:1), Chi/Alg/AgNPs (1:2) and Chi/Alg/AgNPs (2:1) 
hydrogel scaffold at 37 ºC temperature. Two months of soaking in DMEM 
solution was conducted due to the optimum time for scaffold to 
successfully hosted the regeneration of a functional dermis at approximately 
3-6 weeks of period [35-36]. In wound healing, the time for skin involves 
with different phases that include the inflammation phase (day 1-3), 
proliferation phase (day 3-10) and finally the maturation phase (day 10 - 30) 
[35-36]. Scaffold’s degradation time should be in that optimum period, as 
the remodeling will be interfered by slow degradation meanwhile premature 
scaffold resorption would be induced by fast degradation [24]. Based on the 
result, it was observed that Chi has the highest weight loss than the other 
scaffold because Chi scaffold will swell excessively in the solution as it is 
not crosslinked physically or chemically. While the weight loss of Chi/Alg 
is far lower than Chi scaffold due to the crosslinking of Chi and Alg forms 
the polyelectrolyte complex with high density of ionic crosslinking [25]. 
Thus, the presence of crosslinker has caused the scaffold to be less 
hydrophilic, thus resulting in low swelling degree. This is supported by a 
previous research [25].  
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Figure 5: Weight loss of Chi/Alg scaffold of 2 months soaking in 
DMEM solution 
 
Alg has the lowest weight loss and Chi/Alg (1:2) also exhibited low weight 
loss than Chi/Alg (1:1) and Chi/Alg (2:1). For Chi/Alg/AgNPs scaffold, it 
was observed that Chi/Alg/AgNPs (1:2) presented the lowest weight loss 
than Chi/Alg/AgNPs (1:1) and Chi/Alg/AgNPs (2:1). The phenomena of 
Alg, Chi/Alg (1:2) and Chi/Alg/AgNPs (1:2) has the lowest weight loss 
than others occurred due to the high content of Alg in the composite caused 
the composite to form coherent network interconnected with the Ca2+ 
ions that attributed by greater number of binding sites of Alg for Ca2+ ions 
thus resulting in formation of more stable and denser network. This was 
also supported by the previous research done [26]. Chi, Chi/Alg (2:1) and 
Chi/Alg/AgNPs (2:1) has high weight loss due to the hydrophilic properties 
of Chi that enable the resulting composite in water-based media to be highly 
degradable [27]. Nonetheless, based on physical of hydrogel scaffold after 
the soaking in DMEM media up to two months, it is observed Chi scaffold 
was found with the highest debris appearance. This supports the result of 
high weight loss and swelling degree of Chi as compared to other scaffolds 
of bio-composites. 
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The swelling ability or weight loss was closely related to the crosslinking 
density and mechanical properties of the hydrogel scaffold itself [28, 29]. 
Increases swelling, and weight loss indicate low crosslinking density and 
decrease in the mechanical properties of the scaffold. On the other hand, 
scaffold with low crosslinking density tend to have large pore size, high 
swelling ability and weight loss yielded in higher dissolvability [28, 29]. 
 
7.4.2    Compression Properties of Chitosan/Alginate Scaffolds 
 
Figure 6 shows the compressive stress-strain curve of freeze-dried Chi, Alg, 
Chi/Alg (1:1), Chi/Alg (1:2), Chi/Alg (2:1), and ionic crosslinked Ca2+ 
Chi/Alg/AgNPs (1:1), Chi/Alg/AgNPs (1:2) and Chi/Alg/AgNPs (2:1) 
scaffold. In a compression test, the force involved is compressive and 
conducted in similar manner as tensile test except that the compressive 
force is taken to be negative, and hence, negative stress and negative elastic 
modulus yielded [30]. Figure 6 illustrates the compressive modulus of all the 
samples in comparison. Alg was indicated with 1.197 MPa of compressive 
modulus. Among the bio-composites, it was shown that Chi/Alg (1:1) has 
the highest compressive modulus at 0.5897 MPa. While for crosslinked 
Chi/Alg scaffold, Chi/Alg/AgNPs (1:2) has the highest compressive 
modulus, 0.4538 MPa. It was reported by [31] that the compressive strength 
and modulus were significantly reduced after immersion in optimal Ca2+ 
medium as compared with before immersion. However, based on their 
research, compressive modulus increased when sample immersed in higher 
calcium medium as these higher calcium contents in the medium might 
counterbalance the loss in mechanical properties by retaining more polymer 
molecules and a higher crosslinking density [31].   
 
Moreover, it was observed that the compressive modulus of Chi/Alg 
composite was lower than pure Chi and Alg due to the trade-off between 
mechanical strength and porosity. This was supported by the FESEM result 
[32] that pure Chi and Alg exhibited lamellar structure while Chi/Alg 
composites exhibited porous structure. It was also supported by Li et. al. 
(2007) [32], they mentioned that the major challenge in the fabrication of 
porous polymer scaffolds is the trade-off interest between adequate material 
porosity and mechanical strength [32]. 
 
For specific applications in the biology, the main important considerations 
are the investigation and study of hydrogel’s mechanical properties. 
Differentiation of different cell types reported to be directed by hydrogel’s 
stiffness. Hydrogel materials exhibited viscoelasticity behavior. In rheology, 
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the material’s disruption between two plates that was caused by a force 
applied, F on a sample area, A was defined as the shear stress meanwhile 
the displacement ratio was defined by the strain [33]. The elastic 
deformation of a material can be obtained by the linear relationship of stress 
and strain. And from this linear relationship, modulus of elasticity can be 
obtained by calculating the slope of stress strain curve that follows Hooke’s 
law relationship, E= σ/ε [34]. There are three types of material’s behavior 
which is elastic, viscous and viscoelastic. For materials that exhibited elastic 
behavior, once the external forces were removed, the material will undergo 
spontaneous full recovery which is deformation rate if faster than the 
relaxation. However, for viscous material, once external forces were 
removed, the strain is irreversible and caused material to flow as 
deformation rate is slower than the relaxation. On the other hand, 
viscoelastic material exhibited both deformation rate and relaxations are in 
the same magnitude order [33].   
 
 
 
Figure 6: Compressive modulus of freeze-dried hydrogel scaffold on 
temperature ramp mode at 50 ºC 
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Viscoelastic material exhibited pseudo-plastic response, which is the slope 
of the curve of shear stress plotted against shear rate was less than 1 (non-
linear behavior). The shear rate increased more than linear rate with shear 
stress increment was exhibited by viscoelastic material. The asymmetric 
molecules are extensively entangled or randomly oriented at rest in pseudo-
plastic behavior. These molecules become oriented and entanglement will 
be reduced when subjected to shear thus facilitates slippage between 
molecules and decrease in the apparent viscosity (viscosity of pseudo-
plastic). Besides, when shear rate increased, solvated layers may be sheared 
away and thus resulting the low interaction of particles and reduction of 
apparent viscosity [35].  
 
In addition, the lowest value of compressive modulus of the 
Chi/Alg/AgNPs (1:1) and Chi/Alg/AgNPs (2:1) exhibited are 0.2307 MPa 
and 0.2727 MPa respectively, and it is substantially enough to be used as 
scaffold in tissue engineering application based on researches report 
previously [36-40]. Young modulus of epidermis was determined by various 
methods such as uniaxial and suction method, with the result of 60 to 200 
kPa [40]. Thus, it indicates that Chi/Alg based composites was able and 
compatible to be used as a scaffold in the tissue engineering applications 
with the mechanical strength properties that able to support the tissue 
growth.  
 
7.5    SUMMARY 
 
The Chi/Alg scaffold and Chi/Alg/AgNPs scaffold have been successfully 
synthesized with minor modification from previously reported methods. 
Chitosan alone is a highly hydrophilic materials and experienced the highest 
weight lost in the biodegradability test. With an addition of alginate and 
ionic solution, the degradability of the chitosan bio-composite was very 
much reduced. This is due to the crosslinking effect of the positive ions in 
producing denser network of polymers. Higher content of chitosan in the 
bio-composite would induce higher degradability in lower cross-linked 
density setting. Although, chitosan shows the highest degradability, but it 
exhibited with the highest mechanical strength through the compression 
test at 2.44 MPa. In contrast, the lower compressive modulus of the bio-
composite of chitosan/alginate is trade-off to the biodegradability of the 
bio-composites. However, the compressive moduli ranged between 0.2 to 
0.6 MPa for the chitosan/alginate composite are still applicable as scaffolds 
for tissue engineering. 
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